Complexes [Bi(phen) 2 (NO 3 )(NCS) 2 (MeOH)] and [Bi(phen) 2 (NO 3 ) 2 (NCS)] have been synthesized and characterized by their IR spectra and elemental analyses. The structure of the [Bi(phen) 2 (NO 3 )(NCS) 2 (MeOH)] complex has been confirmed by X-ray crystallography. The Bi atoms are unsymmetrically eight-coordinated, N 6 O 2 . The arrangement of the ligands does not show a gap in the coordination geometry around the Bi(III) ion, indicating that its lone pair of electrons is not active. The thiocyanate ligands are coordinated to the bismuth atom via the nitrogen atom. There is π-π stacking interactions between the parallel aromatic rings belonging to adjacent chains.
Introduction
Building new molecular species and address their architectures in order to control their physical and structural properties has been a topic for many research groups. Bismuth(III) complexes are of interest in the treatment of gastric ulcer [1 -3] . The coordination chemistry of bismuth(III) is disproportionately sparse when compared with that of other metals [4 -9] . Typically, mixed-ligand Bi(III) complexes have rarely been reported until recently. In the present paper, we report the syntheses and characterization of two new mixed-ligand bismuth(III) complexes with the aromatic N,N -bidentate ligand 1,10-phenanthroline (phen), [Bi(phen) 2 (NO 3 ) m (NCS) n ] (m, n = 1 and 2).
Experimental Section
Physical property measurements IR spectra were recorded as nujol mulls using PerkinElmer 597 and Nicolet 510P spectrophotometers. Microanalyses were carried out using a Heraeus CHN-O-Rapid analyzer. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. 
X-ray crystallography
Crystal data and refinement details 
2.624 (3) Bi ( Determination of the structure X-ray measurements were made at 293(2) K using a Siemens R3m/V diffractometer. The intensity data were col- lected within the range 2.29 ≤ θ ≤ 25.06 • using graphitemonochromated Mo-K α radiation (λ = 0.71073Å). Accurate unit cell parameters and an orientation matrix for data collection were obtained from least-squares refinement. Intensities of 5264 reflections were measured, 3597 of which were unique. The structure was solved by direct methods and refined by full-matrix least-squares techniques on F 2 .
The positions of hydrogen atoms were calculated at idealized geometrical position and included in the structurefactor calculation as fixed-atom contributions. Corrections for Lorentz and polarization effects as well as a semi-empirical absorption correction were applied. All calculations were carried out with a PDP-11/23+ computer using the SDP-PLUS program package [10 -11] .
Selected bond lengths and angles are given in Table 1 . ORTEP diagrams and a perspective view of the packing in the unit cell are shown in Figures 1 and 2 .
Discussion

Synthesis
Reactions between the "phen" ligand and mixtures of bismuth(III) nitrate and potassium thiocyanate in ratios 1:2 or 1:1 by diffusion along a thermal gradient in methanol solution (the branched tube method) provided crystalline materials analyzing as [Bi(phen) 2 (NO 3 )(NCS) 2 
Crystal structure of [Bi(phen) 2 (NO 3 )(NCS) 2 (MeOH)]
Determination of the structure of the [Bi(phen) 2 (NO 3 )(NCS) 2 (MeOH)] by X-ray crystallography showed the complex in the solid state (Fig. 3) to be a monomeric species with various similarities to the monomeric structure of [Bi(phen) 2 (NO 3 ) 3 ] [6] . The coordination number is eight, the Bi atom being coordinated by eight donor atoms from four different ligands (two 1,10-phenanthroline, two thiocyanate, one nitrate and one methanol ligands). The resulting geometry around the Bi atom is distorted tricapped trigonal prismatic. The arrangement of the ligands suggests no gap in the geometry around the bismuth(III) ion, suggesting that the lone pair of electrons on the bismuth(III) is stereo-inactive. The coordinated methanol molecule is involved in hydrogen bonding acting as hydrogen-bond donor with one oxygen atom of the nitrate anion as the hydrogen-bond acceptor (Fig. 2) . This intermolecular hydrogen bonding interaction links the molecules into chains along the a axis.
There are π-π stacking [4 -5] interactions between the aromatic rings belonging to adjacent chains of bismuth(III) complex, as shown in Figures 2 and 3 . With the mean molecular planes close to parallel and separated by a distance of ∼ 3.5Å, this resembles the planes in graphite.
Parallel arrays of the planes of the aromatic moieties indicate that interactions in this complex are of the inter-chain "π-stacking" and intra-chain "edge-toface" type of "phen" ligands [17 -19] . Projection of the structure perpendicular to the ring plane shows the overall form of a "slipped" stacking [17 -19] , which is at least qualitatively understandable in terms of optimizing approaches between groups of opposite charges [20] . It has been shown that [20 -21] electrondeficient aromatic groups interact most strongly with electron-rich aromatic groups. Hence, it can be expected that in the present crystal the electron-poor pyridyl rings will interact with the less electron-poor phenyl rings (Fig. 3b) .
Thus two factors, hydrogen bonding and π-π stacking, control the coordination mode of this complex.
In mercury(II) complexes the thiocyanate ions are coordinated via the S atom, as in the recently reported [Hg(DPBTZ)(SCN) 2 ] (DPBTZ = 2,2 -diphenyl-4,4 -bithiazole) [23] , [Hg(DABTZ)(SCN) 2 ] (DABTZ = 2,2 -diamino-4,4 -bithiazole) [16] , [Hg-(L)(SCN) 2 ] (L = N-(2-pyridyl)carbonylaniline) [24] and [Hg(bq)(SCN) 2 ] (bq = 2,2 -biquinoline) [15] complexes. In the present bismuth complex like in the reported lead(II) complexes [Pb(phen) 2 (NO 3 )-(NCS)] [12] and [Pb(phen)(O 2 CCH 3 )(NCS)] [13] , the thiocyanate ions are coordinated via the N atom. This shows that the Bi +3 ion is harder than the Hg +2 ion. Indeed, bismuth(III) like lead(II) is a borderline metal ion which has a higher affinity for nitrogen donors as compared to sulfur donors.
Supplementary material
Complete bond lengths and angles, co-ordinates and displacement parameters have been deposited at Cambridge Crystallography Data Centre. Supplementary data are available from the CCDC, 12 Union Road ,Cambridge CB2 1EZ, UK on request, quoting the deposition number 183935 for [Bi(phen) 2 (NO 3 )(NCS) 2 (MeOH)].
